The different properties of two structurally similar nitridosilicates, SrSi 6 N 8 and SrSi 6 N 8 O, are attributed to the oxygen atom. To explore the effects of the O atom on the properties, structural, electronic, optical and 
Introduction
Nitridosilicates doped with active ions (such as Eu 2+ and Ce 3+ )
have been widely used as phosphors in phosphor-converted light emitting diodes (pc-LEDs) in consideration of their high chemical and thermal stability in combination with low thermal quenching and high conversion efficiencies. [1] [2] [3] Compared to traditional phosphors such as orthosilicates (e.g. Sr 2 SiO 4 :Eu 2+ ) 4 or alkaline earth suldes (e.g. SrCa 2 S 4 :Eu 2+ ), 5 nitridosilicates have more diversiform crystal structures owing to their more varied crosslinking patterns. 6 In nitridosilicates, the N can connect up to four neighboring Si tetrahedral centers, causing a higher degree of lattice condensation to improve the chemical stability of nitride phosphors, preventing the hydrolysis reaction which oen happens in phosphors with terminal or ionic O or S atoms over time. 7, 8 In the last few years, research into rare earth metals activating alkaline-earth-metal nitridosilicates-based phosphors has become increasingly important, such as MSi 6 N 8 (M ¼ Sr and Ba), 9, 10 17 Among the available alkaline earth nitridosilicates-based phosphors, SrSi 6 N 8 is very different from the others. For example, the oxidation states of Si are +III and +IV in SrSi 6 N 8 , and the framework contains single Si-Si bonds in N 3 Si-SiN 3 , 9 as seen in Fig. 1(a) . Also, SrSi 6 N 8 :Eu 2+ was reported to have blue luminescent property of 450-455 nm, 18, 19 while most of nitridosilicates-based phosphors emitted yellow to red wavelengths. Besides, because of the structural similarity compared with MSi 6 N 8 , MSi 6 N 8 O (M ¼ Ca and Ba) based material has also been reported to have excellent luminescent properties. Fig. 1(b) shows the crystal structure of SrSi 6 N 8 O, which can be gained by inserting one O atom into the single Si-Si bond in SrSi 6 N 8 .
9
Although there is no experimental report of the preparation of pure SrSi 6 Fig. 1 shows the crystal structures of 2 Â 2 Â 1 SrSi 6 N 8 and 2 Â 2 Â 1 SrSi 6 N 8 O supercells. As seen in Fig. 1(a) , there are two types of connectivity models of N atoms, which are bonded with two Si atoms (marked as N [2] ) and three Si atoms (marked as N [3] ).
Theoretical and computational methods
And the spatial locations of Si-N [3] -Si bonds are vertical and with a certain angle to the b axis. 9 So, we marked the N [2] as N 1 , the two N atoms in the different Si-N [3] -Si bonds as N 2 and N 3 , the Si atoms in the Si-Si bonds as Si 1 , and the other Si atoms as Si 2 , as seen in Fig. 1(a) . Herein, four types of O-doped 2 Â 2 Â 31 With convergence testing, the plane-wave cutoff energy of 400 eV and k-point meshes of 3 Â 2 Â 3 were used to ensure the accuracy and efficiency of calculations. The threshold for self-consistent eld iterations was 5.0 Â 10 À7 eV per atom. The convergence tolerance parameters of optimized calculation were the energy of 1.0 Â 10 À5 eV per atom, the maximum force of 0.03 eVÅ
À1
, the maximum inner stress of 0.05 GPa and the maximum displacement of 1.0 Â 10 À4 nm. Aer nishing geometry optimizations, electronic, optical and mechanical properties of all models were calculated. The lattice stabilities of all the optimized structures were evaluated by the phonon dispersions, where the imaginary frequency was the sign of lattice instability.
32,33
Considering no experimental report of the preparation of pure SrSi 6 N 8 O, we used the acid-base idea as mentioned by M. Mikami 34 to assume the solid-state reaction for production of SrSi 6 N 8 O. The binary oxide is generally considered as acid while binary nitride as base. So the reaction for production of SrSi 6 -N 8 O should be dened as following:
The formation energy (E form ) of reaction [1] was calculated as following equation:
where the E SrSi 6 N 8 O , E SrO and E Si 3 N 4 were the total energies of SrSi 6 N 8 O, SrO and a-Si 3 N 4 , respectively. A negative value of formation energy indicates the reaction is exothermic and the production is stable. The binding energy (E b ) can be used to investigate the relative stability of the model. The value of binding energies of all models were calculated by the following formula:
where the E tot was the total energy of the considered model, and the chemical potentials of Si, N and O were dened as
The coefcients n Si , n N and n O were the numbers of the Si, N and O atoms in each model. For O-doped SrSi 6 N 8 models, the values of bonding energies were used to predict the preferential position for O doping in the lattice of SrSi 6 N 8 .
Understanding elastic properties of nitridosilicates is very important for their application and improvement. For orthorhombic crystals, it is known that the mechanical stability requires elastic constants satisfying the following conditions: 
The mechanical constants: bulk modulus (B), shear modulus (G), Young's modulus (E), and Poisson's ratio (n) have been calculated using the following equations: 
3. Results and discussion There is no big change in the lattice parameters aer O doping into SrSi 6 N 8 . The slight volume expansions come from the changes of local bond lengths. The average bond lengths of Si-O [2] and Si-O [3] are larger than the Si-N [2] and Si-N [3] in O i -SrSi 6 N 8 (i ¼ 1, 2 and 3), while the average bond length of Si-O [2] is smaller than the Si-N [2] Fig. 2 
Geometry optimization results
Si-O bond lengths. The E form of pure SrSi 6 N 8 O calculated by eqn (1) is À0.37 eV, which indicates that the reaction [1]
Electronic properties
Si-N [3] Si-Si Si-O [2] Si-O [3] 6 there are some energy levels below the conduction bands of SrSi 6 N 8 , which are mainly constituted of Si 3p states as seen from the PDOS. Furthermore, the 3p states of Si 1 contribute the more parts of the bottom of conduction bands compared to Si 2 , which indicates that the energy levels below the conduction bands are attributed to the single Si-Si bond. The previous works reported that Si-Si bond forms an empty s* state under the bottom of conduction bands in some nitrides. 40, 41 Therefore, the Si-Si s* state is the main reason for the lower bandgap of SrSi 6 N 8 compared to SrSi 6 N 8 O.
Furthermore, the electron density distribution (EDD) plots are calculated to investigate the difference between Si-Si and Si-O-Si bonds. Fig. 4(a) and (b) illustrate the partial atom distributions and corresponding EDD plots on the (010) plane of SrSi 6 N 8 and SrSi 6 N 8 O, respectively. We can nd that there is Fig. 5(a) , the band structure of O 1 -SrSi 6 N 8 is very close to that of undoped SrSi 6 N 8 , which indicates that the O [2] has the similar properties of N [2] . As seen in Fig. 5(b) and (c), 
Optical properties
The absorption coefficient is one of key parameters to evaluate the performance for phosphors. The absorption spectra can be described in terms of time-dependent perturbations of the ground-state electronic states, which has always been investigated combined the electron transition between valance bonds and conduction bonds. 42 Fig . 6 shows the calculated absorption spectra of all models. The absorption peak for undoped SrSi 6 N 8 is located at about 3.0-15.0 eV, which are corresponding to the electron transitions from N 2p states in the valence bands to Si 3p and Sr 5s states in the conduction bands as shown from PDOS in Fig. 3(a) . The absorption edge of SrSi 6 N 8 O starts at 3.9 eV, with a large blue shi compared to that of SrSi 6 N 8 at 2.9 eV. The positions of the main absorption peaks for O i - 
Mechanical properties
The optimized structures of all models have been applied to calculate the elastic tensors which consist of nine independent components, as tabulated in Table 2 . It can be seen that the relationships of elastic constants satisfy the conditions as shown in eqn (3), which indicates that SrSi 6 N 8 , SrSi 6 N 8 O and O-doped SrSi 6 N 8 are mechanically stable.
Furthermore, the mechanical constants: bulk modulus (B), shear modulus (G), Young's modulus (E), and Poisson's ratio (n) for all models are listed in Table 3 
Conclusions
In this work, rst-principles simulation has been performed to investigate the structural, electronic, optical and mechanical properties of SrSi 6 
